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The flagellar antigen hypothesis of Smith and Reagh  (1)  assumes 
that  motile bacteria  as  antigens  give rise  to  two  distinct  types of 
agglutinin, termed flagellar and somatic agglutinin respectively.  The 
former is  produced  by  the  flagella  and  reacts  with  them, whether 
attached to  the cell or free, to  give a  floccular agglutination.  The 
latter is produced by the bacterial cell proper and reacts with whole or 
deflagellated bacteria to give a granular agglutination.  The somatic 
antibody does not combine with flagella.  Some experiments on the 
agglutinability  of  whole  and  deflagellated  suspensions  of  motile 
bacteria were reported in a preceding paper (2).  The performance of 
absorption tests, during the course of the work, suggested that it might 
be possible  to  demonstrate differences  between the two  agglutinins 
with respect to their removal from sensitized bacteria. 
A number of methods have been employed with more or less success in attempts 
to remove antibody from combination with sensitized bacteria.  The early work 
has been reviewed in some detail  by Huntoon (3).  In another paper Huntoon 
and Etris (4) have reported an extensive series of experiments  designed to secure 
purified solutions of antibody, largely by removal from sensitized antigens.  They 
worked with non-motile bacteria chiefly the pneumococcus but also the meningo- 
coccus and B. dysen$eri~ Flexner.  They showed that agglutinin could be removed 
by suspending  the sensitized  antigen in 10 per cent saccharose  solutions or dis- 
tilled  water and heating to 55-60°C. for 1 hour.  They were  able to remove as 
high as 50 per cent of the combined  antibody.  They found that  the  presence 
of sodium  chloride  interfered  with the removal of agglutinin  but not with the 
removal  of  bactericidal  and  protective  antibodies.  A  temperature  of 65°C. 
reduced  the dissociation  of antibody and 70°C. almost completely prevented it. 
Other experiments  reported by Huntoon and Etris on the removal of protective 
antibody  from  sensitized  pneumococcus  have  no  immediate  bearing  on  the 
present  work. 
825 826  AGGLUTININ  ]~RO~[ SENSITIZED  :~OTILE  BACTERIA 
The close association of antibodies with  serum globulins  suggested 
the application of some method of globulin extraction for the  removal 
of agglutinin.  In some preliminary work it was  found  that  heating 
sensitized motile bacteria to 60°C. in the presence of 5 per cent sodium 
chloride  solution  resulted  in  the  removal of  a  considerable  amount 
of  one  agglutinin  but  little  or  none  of  the  other.  More  detailed 
observations  on  the  application  of  the  method  are  reported  in  the 
following experiments. 
Two species of B. paratyphi (Types I  and II)  (5) of guinea pig origin 
were  employed in  the  absorption  and  extraction  tests.  The  serums 
were  from  rabbits  immunized  with  inactivated  suspensions  of  the 
whole bacteria. 
In the absorption tests a serum dilution of approximately i: 25 and an absorbing 
dose of 1:10 were employed.  The bacterial suspensions were freshly prepared, 
washed once and centrifuged to constant volume--0.25 cc.  0.1  cc. of "whole" 
antiserum and 2.4 cc. of physiological salt solution were  added and the  packed 
bacteria  resuspended.  The  absorption  mixtures  were  incubated  for  approxi- 
mately 5 hours at 37°C. followed by overnight refrigeration.  Unabsorbed serum 
in the  same dilution was included as a  control.  The sensitized bacteria were 
sedimented  in  the  centrifuge and  the  clear supernatants  saved.  The packed 
bacteria were washed four times by resuspending in 5 cc. of saline and centrifuging. 
Mter the fourth washing the packed bacteria were resuspended in 5 cc. of 5  per 
cent sodium chloride  solution and heated to 50°C. for 1 hour in a  water  bath. 
The mixture was shaken at frequent  intervals.  After a  final centrifuging the 
supernatants were withdrawn.  In several instances second and third extractions 
were carried out in the same manner. 
The agglutinin titer of the several supernatants was determined by macroscopic 
agglutination tests.  0.5  cc. amounts of diluted test fluid and of bacterial sus- 
pension were employed.  Whole and heated suspensions were used as antigens. 
The  former was a  fresh,  untreated  culture,  washed,  and  diluted  to  standard 
opacity with saline.  It represented both flagellar and somatic antigens.  The 
latter was a fresh suspension heated to 100°C. for 30 minutes, washed and similarly 
diluted.  It represented pure somatic antigen.  The tubes were  incubated for 
3 hours at 37°C. and read after overnight refrigeration. 
The agglutination readings with unabsorbed serum, absorbed serum, 
four washing  fluids  and  three  extraction  fluids  are  given in  Table I. 
The work was  done  with  Type IIB.  paratyphi and  its  homologous 
"whole"  antiserum. 
The  unabsorbed  serum  agglutinated  the  whole  antigen  through  a JOHN  B.  NELSON  827 
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dilution of 1:1,024,  the heated antigen through  1:128.  The actual 
titer limits of the serum were 1: 25,600 and 1 : 3,200  respectively, since 
an  initial  dilution  of  1:25  was used.  With the whole  antigen  the 
clumping was predominantly floccular with an admixture of granular 
clumps in the lower dilutions.  With the heated antigen the clumping 
was purely granular.  After absorption with the whole antigen there 
was  a  residual  agglutination  in low dilution.  The bulk of the two 
agglutinins had combined with the bacteria.  The first washing fluid 
slightly agglutinated the whole antigen in low dilution.  There was 
no reaction with the heated antigen.  The other three washing fluids 
in  spite  of progressive dilution  continued to  give  a  slight  floccular 
reaction with whole but not with heated antigen.  The first extraction 
supernatant gave a reduced but perfectly definite agglutination purely 
floccular in type through a  dilution of 1:512  with the whole antigen. 
For comparison with the agglutinin titer of undiluted serum the initial 
dilution  of  the  absorbed  serum must  be  considered,  giving  a  final 
dilution of 1:12,800.  There was no reaction with the heated antigen 
in  any  dilution.  A  second  and  third  extraction  gave  decreasing 
floccular agglutination with the whole antigen but no reaction with 
the heated. 
The persistent agglutination with the washing fluids suggested that 
a  small amount of flocctflating agglutinin might be removed at room 
temperature.  Increasing  the  temperature  and  salt  content  of  the 
suspending  fluid  gave  a  marked  increase  in  the  amount  removed. 
The method of extraction failed to  remove a  detectable amount of 
granulating agglutinin. 
The above experiment was  repeated with different strains  of the 
same bacterium and with another species of Salmonella, B. paratyphi 
Type  I.  The  results  were  always  much  the  same.  The  limiting 
dilutions of the absorbed serum, washing fuids and extraction fluids 
varied somewhat.. In several instances the titer of the first extraction 
fluid  was  one  dilution  lower.  Sometimes,  too,  there  was  a  slight 
granular sediment in the lowest dilution of the heated antigen series. 
The  substitution  of suspensions  deflagellated by  shaking instead of 
by heat gave identical results.  Adequate controls were included for 
the  effect of 5  per  cent sodium chloride solution on whole antigen 
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serum.  There was no indication of spontaneous agglutination or  of 
inhibition of granular clumping. 
The  extraction  experiment  was  repeated  with  a  sensitized  non- 
motile bacterium.  A  strain of Staphylococcus  aureus  and its homol- 
ogous antiserum were employed.  The results are given in Table II. 
The unabsorbed serum agglutinated both antigens to the same titer 
limit,  1:1,600,  with a  granular type of clump.  There was  a  slight 
residual agglutination after absorption with the untreated suspension. 
TABLE II. 
Agglutination  of Staphylococcus by  Unabsorbed and  Absorbed Serum,  Washing 
Fluid and Extraction Fluid. 
Test  fluid 
Unabsorbed serum 
Absorbed serum 
lstwashing 
1st extraction 
Antigen 
W* 
H 
W 
H 
W 
H 
W 
H 
Test fluid dilutions 
2  4 
CG ++++ 
CG ++++ 
4-G 
4-G~  -- 
8 
++++ 
+++ 
16 
+++ 
++ 
q 
m 
m 
32 
++ 
+ 
64 
+ 
4- 
* W  =  unheated antigen; H  = heated antigen; G  = granular agl 
128  256 
w 
w 
[urination. 
The washing and extraction fluids failed to agglutinate either antigen 
in any dilution. 
The extraction method was also applied to  sensitized suspensions 
of the  two  motile bacteria previously deflagellated by shaking and 
heating respectively.  The  removal of some  flocculating  agglutinin 
from "whole" antiserum by such suspensions was noted in a preceding 
paper  (2).  The absorptions together with a  control of unabsorbed 
serum  were  carried  out  in  0.2  per  cent  formalinized  saline. 
Otherwise the method of procedure was identical with that previously 
outlined.  The results for B.  paratyphi Type II and its homologous 
"whole" antiserum are given in Table III. 830  AGGL!JTININ  FRO~  SEl~SITIZED  ~OTIL~  BACTERIA 
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After absorption with the &flagellated suspension the flocculating 
agghtinin titer of "whole" antiserum was decreased by one dilution. 
In other words the shaken and heated suspensions had removed some 
flocculating agghtinin in spite of the fact that flageUar antigen was 
entirely lacking.  The  third  washing  fluids  gave  a  slight  floccular 
reaction with the whole antigen in low dilution.  Both of the extrac- 
tion fluids agglutinated the whole suspension with a  typical floccular 
clumping through a  dilution of 1:64  (1:1,600).  There was no reac- 
tion with the heated antigen.  The extraction of shaken and heated 
suspensions of B. paratyphi Type I  sensitized by exposure to homol- 
ogous serum gave practically the same results.  The titer of flocculat- 
ing agghtinin was reduced following absorption  and  a  flocculating 
agghtinin was removed upon extraction.  The extraction tests appar- 
ently confirm the  earlier observation that  &flagellated suspensions 
of  motile  bacteria  may  absorb  some  flocculating  agghtinin  from 
homologous "whole" antiserum. 
The fragility of bacterial flagella  suggested a  possible  explanation, 
other than that of extraction, for the removal of flocculating agghtinin 
from the sensitized bacteria.  The flagella  are particularly sensitive 
to heat, as demonstrated by Beyer and Reagh  (6),  Orcutt  (7)  and 
others.  At  high  terhperature  the  flagella  lose  their  morphological 
identity and  disintegrate.  Heated flagellar  suspensions  while they 
no  longer give  a  floccular agglutination with  antiserum  do  give a 
precipitate in low dilutions indicating the presence of soluble material. 
Although &flagellated motile bacteria may remove some focculating 
agghtinin from "whole" antiserum, the bulk of that agghtinin upon 
absorption  by  whole  bacteria  is  taken  up  by  the  flagella.  The 
removal of flocculating agghtinin from the sensitized bacteria by the 
method  employed might  result  from  a  breaking  up  of  the  flagella 
with  subsequent  release  of  the  previously  combined antibody.  A 
number of experiments were performed to  demonstrate the possible 
relationship of flagellum destruction to agghtinin removal. 
The effect of temperatures on either side of that employed in the 
previous extractions and of high salt concentration on the agghtin- 
ability of Type II B. paratyphi was first  determined. 
Heavy  suspensions,  about  twice  normal  opacity,  were  prepared  in  normal 
saline and in 5 per  cent sodium  chloride solution.  These were heated to 55  °, 832  AGGLUTININ FROM  SENSITIZED MOTILE BACTERIA 
60  ° and 65°C. respectively for 1 hour.  The heated suspensions  were then diluted 
to normal opacity with saline and  tested with "whole" antiserum.  The results 
of the agglutination tests are given in Table IV. 
There was no indication  that the flagella were affected by the high 
salt concentration or by a  temperature of 55°C.  The agglutinability 
of  the  organism  both  in  saline  and  in  5  per  cent  sodium  chloride 
solution  was practically the  same as that  of a  normal unheated  sus- 
TABLE  IV. 
Effect  of Heat and High Salt Concentration on the Agglutinability  of Type I1 B. 
paratyphL 
Serum dilutions 
Suspension 
Unheated  in 
saline 
Heated  55°C, 
in saline 
Heated 550C. in 
5  per  cent 
NaC1 
Heated 60°C. in 
saline 
Heated 60°C. in 
5  per  cent 
NaCl 
Heated 65°C. in 
saline 
Heated 65°C. in 
5  per  cent 
NaC1 
200 
CM* 
CM 
CM 
++++M 
++++M 
I++++G 
++++G 
4OO 
c 
c 
c 
+++ 
+++ 
+++ 
800 
++++ 
++++ 
++++ 
++ 
++ 
++ 
++ 
1,600 
++++ 
+++ 
+++ 
++ 
++ 
+ 
+ 
3,200 
4-++ 
4-++ 
+ 
+ 
4- 
4- 
6,400 
b+ 
4" 
q~ 
12,800 25,600 
+ 
+ 
+ 
4- 
4- 
51,200 
* M  =  mixed type of clumping; G  =  granular type of clumping. 
pension.  At  60  °  and  65°C.  the  destruction  of  flagella  was  plainly 
indicated.  At  60°C.  both  saline  and  5 per  cent salt suspensions ag- 
glutinated  to  the  titer  limit  of  the  serum  but  the  intensity  of  the 
reaction  was  much  reduced  in  all  dilutions,  At  65°C.  the  type  of 
clumping  changed  from  a  predominantly  floccular  one  to  a  purely 
granular one.  The limiting  dilution  was  much  reduced  correspond- 
ing  to  that of  deflagellated  bacteria  by  "whole"  antiserum,  as  pre- JOHN B.  NELSON  833 
viously determined.  At  65°C.  complete destruction of  the  flagella 
was indicated. 
If  the  removal  of  antibody  were  due  to  flagellum  destruction 
through the agency of heat then increasing the temperature to 65°C. 
should result  in a  greater yield of flocculating agglutinin.  On  the 
other  hand,  reducing  the  temperature  to  55°C.  should  practically 
eliminate the removal.  A number of extractions were carried out at 
TABLE  V. 
E~ect of Varying Temperature and Salt Concentration on the Removal of A gglutinin 
from Sensitized  Type 1I B. paratypki. 
Method of extraction 
55°C. in 5 per cent NaCI 
55"C. in saline 
60°C. in 3 per cent NaCI 
60"C. in saline 
65°C. in 5 per cent NaCI 
65°C. in saline 
Type of antigen 
W* 
H 
W 
H 
W 
H 
W 
H 
W 
H 
W 
H 
Limit of aggluti-  Form of cIumplng 
nation 
1 : 128  Floccular 
<1:2 
1: 64  Floccular 
1: 2  Granular 
1: 526  Floccular 
<1:2 
1: 256  Floccular 
1:2 
1  :  526  Floccular 
<1:2 
1: 256  Floccular 
<1:2 
* W = whole antigen; H  = heated antigen. 
various  temperatures  and  salt  concentrations of  the  diluent.  The 
agglutinin  titer  of  the  several  extracts  is  given  in  Table  V.  The 
results are  expressed in  terms of the highest dilution showing any 
macroscopic  evidence of agglutination. 
Heating the sensitized bacteria to 55°C. resulted in the removal of 
considerable flocculating agglutinin.  As noted in Table IV there was 
no  destruction of  flagella  at  that  temperature.  The  yield of  free 
agglutinin was somewhat greater in the presence of 5 per cent sodium 834  AGGLUTININ  FROM  SENSITIZED  MOTILE  BACTERIA 
chloride than in saline.  With the latter diluent a  small amount of 
granular  agglutinin  was  removed.  At  60°C. the  yield of floccular 
agglutinin was increased with both diluents but there was no further 
increase at 65°C.  The complete destruction of flagella at that tem- 
perature was previously noted.  From the reported observations the 
removal of flocculating agglutinin was obviously not dependent solely 
on  the  destruction of flagella  either through the  agency of heat or 
high salt concentration. 
The substitution of distilled water for salt solution in the method 
of extraction likewise resulted in some liberation of agglutinin.  The 
reaction presented a  number of peculiarities concerning the mode of 
action  of  the  extracted  antibody.  Experiments  bearing  on  the 
reaction are being continued. 
DISCUSSION. 
The preceding experiments indicate that the two agglutinins present 
in "motile" antiserum display certain differences with respect to their 
removal from sensitized  antigen.  It was found that the flocculating 
or flagellar  agglutinin could be freed from its combination with anti- 
gen over a considerable range of temperature and salt concentration. 
Suspension of the sensitized bacteria in a 5 per cent solution of sodium 
chloride followed  by heating to  60°C. for  1  hour was particularly 
favorable for  the  removal of flocculating agglutinin.  The method 
of titration was not strictly quantitative but the removal of approxi- 
mately 50 per cent of the combined agglutinin was indicated.  With 
similar treatment there was little or no removal of granulating agglu- 
tinin either from sensitized motile or non-motile bacteria. 
It may be said that the combining or clumping properties of the 
granulating agglutinin of "motile" antiserum are not affected by the 
conditions imposed upon it during extraction.  "Motile" antiserum 
diluted with 5 per cent sodium chloride solution and heated to 60°C. 
for 1 hour was found to agglutinate heated homologous antigen in as 
high  dilution  as  did  the  untreated serum.  The  content of granu- 
lating agglutinin was not noticeably reduced. 
Huntoon and Etris (4) had previously claimed that the presence of 
salt  interfered with  the removal of agglufinin from sensitized  anti- 
gens.  Their  work  was  confined to  the pneumococcus, the  menin- JOttN  B.  NELSON  835 
gococcus  and  .B.  dysenteri~e  Flexner.  All  of  these  organisms  are 
non-motile and as antigens give rise to granulating agglutinin but not 
to flocculating agglutinin.  With the foregoing experiments the pres- 
ence of sodium chloride was found to inhibit the removal of granu- 
lating  agglutinin  from  sensitized  motile  and  non-motile  bacteria. 
Increasing the concentration of sodium chloride, on the other hand, 
increased  the  amount  of  flocculating  agglutinin  removed  from  the 
sensitized motile bacteria.  A  5 per cent solution of sodium chloride 
gave a  greater yield than did an 0.85 per cent solution.  The present 
findings confirm the  work of  Huntoon  and  Etris  on  the  inhibitory 
effect of salt on the removal of that agglutinin which reacted, in their 
case with non-motile bacteria,  and in the present case with non-motile 
and deflagellated motile bacteria.  Their original statement  must  be 
modified, however, to include only granulating  agglutinin,  since the 
presence of salt  favors the removal of flocculating agglutinin. 
It was shown that destruction of flagella through the agency of heat 
with a  subsequent liberation of combined agglutinin could not alone 
explain  the  dissociative  reaction.  It  was  also  shown  that  flagella 
were not destroyed by the high concentration of salt.  At a  tempera- 
ture of 55°C., which does not affect the flagella, a considerable amount 
of flocculating agglufinin was  removed.  At  65°C.,  which results in 
complete destruction of the flagella,  there was  no  increase over  the 
amount  removed  at  60°C.  The  latter  temperature  is  about  the 
critical point for the beginning destruction of flagella by heat. 
The method employed was originally chosen as one favorable  for 
the extraction of globulin.  It seems probable that the liberation  of 
flocculating  agglutinin  attendant  upon  its  application  is  associated 
with that protein.  Experiments bearing on the  chemical nature  of 
the extracted antibody were not attempted.  While it was free in the 
sense that it could again unite with specific antigen it still may have 
retained  some  cellular  fraction  from  its  previous  union.  Locke 
and Hirsch (8)  commenting on  extraction procedures in general  state 
that in most instances no notable dissociation of the  antigen-immune 
substance union is produced but rather  a  disintegration  and  disper- 
sion of the sediment, i.e.  the sensitized antigen. 
Failure  to  remove granulating  agglutinin under  the  conditions of 
extraction might be due to  differences in the chemical nature of the 836  AGGLIITININ FROM  SENSITIZED  :MOTILE  BACTERIA 
two  agglutinins or to  differences in  the manner of linkage to  their 
respective antigens. 
SUMMARY. 
It was shown that flocculating (flagellar) agglutinin and granulating 
(somatic) agglutinin display certain differences with respect to their 
removal from sensitized bacteria (B. paratyphi).  A  5 per  cent  solu- 
tion of NaC1 added to  sedimented, sensitized  bacteria  followed  by 
heating to 60°C.  for 1 hour removed  approximately 50  per  cent  of 
the combined agglutinin.  There was little or no  removal of  granu- 
lating agglutinin either from the sensitized motile bacteria or from a 
sensitized non-motile organism  (Staphylococcus).  Evidence was pre- 
sented that the agglutinin removal was not dependent solely on dis- 
integration of flagella by the conditions of extraction with a  subse- 
quent  freeing of  antibody. 
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